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I. RESULTS FOR b BARYONS
The initial observations of b baryons were made by UA1, the split-field magnet, and LEP experiments. These were limited to observations of the Λ 0 b baryon, a few decay modes, and evidence for other ground state b baryons from semileptonic decays. The Tevatron experiments provided a large number of measurements including direct observations of most of the ground state b baryons, precision lifetime measurements, and observations of additional decay modes. Now results from the LHC experiments are also arriving, and with the expected size of the data set, the possibility of many new measurements coming in the near future.
Despite two decades of measurements, the actual amount known about b baryons is rather sparse. For most of the b baryons, one or two decay modes have been seen, and only about a dozen are known for the Λ The observation of the Ξ 0 b by CDF involves a rather complicated decay topology with 6 final state tracks and 4 decay vertices [1] . The reconstructed decay se- ATLAS observes 579 ± 31 events in 1.2 fb −1 , while CMS find about 100 events in 194 pb −1 . Both collaborations are exploring possibilities to make mass, lifetime, branching fraction, and other measurements.
Quark fragmentation is a non-perturbative process that must be modeled in simulations. One of the pieces that must be modeled is the probability that the fragmentation of a quark will yield a baryon. The D0 collaboration has used the decay Λ Recently, there has been great interest in measurements sensitive to new physics, either through the B s mixing phase, or the rare decay B s → µ + µ − . New measurements were released by a number of experiments. These results are discussed in the following.
A. Update on Measurement of the Mixing
Phase φs and Lifetime Difference ∆Γs
Dimuon Charge Asymmetry
The D0 collaboration updated the dimuon charge asymmetry measurement to 9.0 fb −1 of integrated luminosity. The asymmetry is the difference in the number of events with a pair of positive muons minus the number with a pair of negative muons divided by the sum. The like sign pairs come predominately from events with a bb pair of quarks, hadronizing to yield a b hadron and a B 0 or B 0 s meson that oscillates to its anti-particle state, then both the b hadron and oscillated meson decay semi-muonically. The standard model predicts a tiny asymmetry in the number of positive versus negative dimuon events. A deviation from the standard model value could indicate new physics entering in the mixing of B mesons.
The D0 experiment presented a result in 2010 that differed from the SM by 3.2 standard deviations. The updated result is [7] 
The central value of the updated D0 result is closer to the SM prediction, but has smaller uncertainty and lies 3.9 standard deviations from the SM. The D0 collaboration further investigates the effect by analyzing the dependence of the result on an impact parameter requirement. Muons with large impact parameter are likely to arise from b hadrons that live longer than those with small impact parameter. The mixing of B 0 s mesons is much faster than B 0 mesons, so like sign pairs where a muon has large impact parameter are more likely to arise from B 0 decays, and vice versa. This dependence is used to constrain the dependence of the dimuon asymmetry on the asymmetries in B The SM expectation for CP violation in B 0 s → J/ψφ decays is extremely small, making it difficult to extract the CKM phase. However it is then relatively easy to look for the effects of new physics producing an enhancement to the phase. The first results from CDF and D0 sparked great interest because each deviated from the SM expectation by about 2σ. This spurred work by many collaborations to confirm the result.
The CMS collaboration has reconstructed the decay and used it to measure the B 0 s production distributions in transverse momentum p T and rapidity y [3]. This is a prelude to a CP violation measurement.
The D0 experiment has updated their result for CP violation using 8 fb −1 of integrated luminosity [8] . The new result lies about 1σ from the SM expectation, reducing the tension with the SM.
The LHCb experiment presented a first measurement of CP violation in B 0 s → J/ψφ, summarized at this conference in the talk of P. Koppenburg [9] . Their result has smaller uncertainty than the D0 result and the earlier CDF result, but is consistent with both, and the SM expectation. The initial possibility of a large contribution from new physics is fading, but we will need to await combinations of results from these experiments or even higher precision results to see if there is a measurable effect. The decay B 0 s → J/ψf 0 (980) is a pseudoscalar to vector -scalar decay, and must proceed through Swave channel.This mode could contribute an S-wave component to the B s → J/ψφ analysis when the f 0 decays to K + K − . The measurement of its branching fraction was desired to help constrain any effects in the J/ψφ analysis. The final state is CP odd, so in the absence of CP violation in the decay, a measurement of its lifetime corresponds to the lifetime of the heavy B 0 s state, τ H . The lifetime difference ∆Γ s can be determined from the average B s lifetime, well measured in decays to non-CP eigenstates, and either of the light or heavy state lifetimes. And the mixing phase φ s can be determined directly from decays to a CP eigenstate without the need for an angular analysis [10] .
Early in 2011, the LHCb collaboration released an observation of the B 0 s → J/ψf 0 (980) decay mode [11] . This was quickly followed by results from Belle [12] , CDF [13] , and D0 [14] . The results of these measurements are all in general agreement and point to a ratio of the fraction of J/ψf 0 (980) decays to J/ψφ decays between about 1/5 and 1/3. The LHCb collaboration also sees evidence for decays to other resonances that decay to π + π − , in particular, the f 2 (1525). The CDF collaboration goes on to measure the B 0 s lifetime in this mode, the first B 0 s lifetime measurement for a decay to a CP eigenstate. The measurement is made by a simultaneous fit to the decay time distribution, mass distribution, and decay time error.
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The result is Since this is a decay to a CP eigenstate, in the absence of CP violation, a measurement of the lifetime can be used to determine ∆Γ s .
3.
Bs → φµ + µ
−
Another recently observed flavor-changing neutralcurrent decay is B 0 s → φµ + µ − . An updated measurement using 6.8 fb −1 of integrated luminosity was released by CDF in Summer 2011 [6] . The measurement of the branching fraction as a function of the q 2 of the dimuon system is displayed in Fig. 7 , and is sensitive to new physics. The Belle collaboration has succeeded in measuring all three branching fractions [15] obtaining the results listed in Table I . If these branching fractions dominate the difference between the widths of the heavy and light eignestates, then the sum of the branching fractions is related to the relative width difference by
where
) is the sum of all three branching fractions. The result of 9.0% is consistent, within errors, with other averages for the relative decay width and theoretical expectations. This measurement is promising to perform with more data, as well as to measure some of the other modes that are thought could contribute to the width difference.
The charmless, two-body decays of neutral B hadrons to charged pions and kaons are rich in physics. The measurements of the branching fractions and decay asymmetries have produced numerous results. All of the possible decay modes to charged pions and kaons were seen except two,
These modes have the feature that none of the quarks in the initial state meson exist in the final state particles and are known as annihilation or penguin annihilation decays. Their branching fractions are suppressed by more than an order of magnitude from the branching fraction to the favored two-body pion/kaon mode.
Earlier this year, the CDF experiment produced 3.7σ evidence for the B 0 s → π + π − decay [16] , followed by a 5.2σ observation by LHCb [17] . The branching fractions determined from their fits are
These results are consistent within the experimental uncertainties.
Both experiments continue to have difficulty separating the B 0 → K + K − signal from nearby two-body modes, achieving about 2σ signal significance. They produce branching fractions for this mode of where the φ is the angle between the decay planes of the φ mesons, and θ i are the angles between the B 0 s boost direction and the direction of the K + in the helicity frame.
The CDF experiment has published the first measurement [19] , with the results
The LHCb experiment produced a preliminary result [20] , with the results
The results are consistent with the SM expectation of zero and with each other, within the experimental uncertainties. With more data, this decay can be analyzed in the same fashion as the J/ψφ decay, that is with a full angular analysis and flavor tagging, to contribute to the measurements made in the J/ψφ channel. − and B 0 → µ + µ − have been of particular interest due to their sensitivity to new physics. In particular, the B 0 s decay is extremely sensitive to supersymmetry, with a contribution proportional to tan 6 β. And it has been pointed out that, in the case that new physics is seen where the nature is not entirely known, the combination of these rare decays with other measurements ( b → sγ, B + → τ + ν and so forth) can help discriminate between various scenarios.
In the context of the SM, the branching fractions of these decays are estimated to be While experiments are still an order of magnitude away from the sensitivity needed to see the B 0 decay, they are now within a factor of 5 or 6 of the B 0 s decay. This is close enough to observe the decay if the branching fraction is increased by a factor of a few above the SM value by the presence of beyond the standard model physics. And if there is no new physics increase, it seems likely that 3σ evidence for the long sought B 0 s decay will occur in the near future. Three experiments reported new results for the search this summer: CDF, CMS, and LHCb. They also reported new limits for the B 0 → µ + µ − decay, summarized in Table II. 
